Objectives. To investigate the association between learning difficulties (LDs) and behavioural and emotional problems of 8-year-old children in the Northern Finland Birth Cohort 1986 (n=9432). Study design. A cross-sectional study.
INTRODUCTION
In Finland in 2001, 21 .2% of the school-aged children were referred to special education because of learning difficulties and, in 2004, the figure was 28% (1) . The percentage is similar to that of other Western countries (2) , but higher figures have also been presented. For instance, in a comprehensive follow-up study from Australia in 1994, 36.6% of the primary and secondary school children were identified as having some area of special learning needs in their first school year, and by 1996, it had dropped to 33.3% (3) . Moreover, a large, National Survey of Children's Health (NSCH) from the year 2003 in the U.S., concerning the lifetime prevalence of learning disabilities and special health care needs of children under 18 years of age, indicated the life time prevalence to be 9.7% and, depending of the number of definitional criteria (from 1 to 5), the prevalence of learning disabilities ranged from 15.0% to 87.8% (4) .
Learning disabilities are often associated with different co-morbidities, for instance, problems in motor development as well as emotional and behavioural problems (5) . These disabilities can occur alone or in varying combinations and can range from mild to severe. The prevalence of children's emotional and behavioural problems have been reported to range from 5% to 20%, being more common among boys than girls (6) (7) (8) (9) and, the association between learning disabilities and behavioural and emotional problems has been indicated in many previous studies (3, (10) (11) (12) (13) (14) (15) . They have also been found to be more persistent when they cooccur with behaviour problems in the early school years compared to learning disabilities occurring alone (10, 11, 13, 16, 17) . Behavioural problems at 5 years of age related to speech/language and developmental delays seem to be good predictors of later learning disabilities (12, 18, 19) .
In many studies male gender, low socioeconomic status (SES), family structure, the mother's and father's low educational levels (3, 15, 17, (20) (21) (22) (23) (24) and poor motor skills have been found to be risk factors for learning disabilities (8) . In their study, Zubrick et al. (8) , for instance, indicated that children whose language emerged late had statistically significantly more gross and fine motor problems than those whose language developed within a normal range. Yliherva et al. (23) and Viholainen et al. (25) have also suggested that motor development has an impact on later language development. While the impact is mainly on learning language, it can also affect reading, spelling and mathematic learning skills in children who are at risk of having familial dyslexia or preterm children who are at risk of having learning disabilities.
According to the International Classification of Diseases (5) , which is commonly used in Finland, basic learning disability is defined as emerging in reading, writing and/or mathematics, even though the cognitive skills of these children are within normal range. In the research and literature, many different terms have been used to describe academic difficulties, such as, learning disability, learning deficit, learning dysfunction, learning delay and learning disorder. Even though the same term can be used to describe different kinds and different levels of learning difficulties, Carlson (26) , for instance differentiates between the terms learning difficulty and learning disability. According to her, an individual with a learning difficulty can learn in a classroom where the teacher uses conventional teaching techniques while an individual with a learning disability requires specialized interventions, depending on the type of disability.
In this study we use the term learning difficulties (LDs). We do so for two reasons: first, because this was an epidemiological study where we could only screen children's learning difficulties by teachers' questionnaires without any clinical examinations and, second, because the children were just learning reading and writing skills and, even though they might have needed extra tutoring, we had no information about this, and furthermore, most of the children were managing to learn in a classroom of conventional education (98%) (7) .
The main purpose of the study was to determine the association between LDs (in reading, spelling and mathematics) and emotional and behavioural problems in 8-year-old children. We studied some risk factors related to LDs, such as fine and gross motor skills and socio-economic status (SES), family structure and the mother's and father's levels of education, as well as gender differences in LDs and in behavioural and emotional problems.
MATERIAL AND METHODS

Population
Our study is based on an unselected, population-based cohort called the Northern Finland Birth Cohort 1986. The original study population consisted of 9,432 live-born children, whose dates of birth were between 1 July 1985 and 30 June 1986 (27) . All the mothers living in the 2 northernmost provinces of Finland, Oulu and Lapland were recruited and 99% participated. At the time of the follow-up, when the children were 7 and 8 years old, 99% (n=9357) of them were alive and most of them (98%) were receiving a conventional education (7) . For this study, children with intellectual disabilities (n=74) were excluded.
The ethical committee of Northern Ostrobotnia Hospital District approved the study.
The follow-up study of the cohort was carried out when the children were 7 and 8 years old. In the autumn of the children's first school year, information on their growth, development and health, school and family type and social situation was gathered from the parents by mailing them a questionnaire (response rate n=8416, 90%). In the spring, teachers were asked to screen the children's learning difficulties and behaviour problems (response rate n=8525, 92%) and the parents filled in a questionnaire on the children's psychomotor development (response rate n=8370, 90%). The more detailed description of the data collection has been presented elsewhere (7) .
Definition of the variables
Learning difficulties
Teachers assessed the children's potential learning difficulties during the current term by answering the question, "Has a child got difficulties in learning (a) to read, (b) to spell, (c) mathematics: yes or no?" For the analysis, we created 3 main variables: (1) verbal difficulty (VLD), (2) mathematical difficulty (MLD) and (3) combined difficulty (CLD). VLD included reading or spelling or both, and CLD included mathematical and reading, mathematical and spelling, or all three difficulties.
Behavioural (BP) and emotional (EP) problems
Children's emotional and behavioural problems were assessed using information obtained from teachers. The Rutter Child Behaviour Questionnaire for Teachers (RB2) includes 26 items producing a total score from 0 to 52 (28) . According to the RB2, children with a total score of 9 or more are designated as having a probable psychiatric disorder. Of the children with a score 9 or more, those with an emotional subscore (based on 4 items -is worried, afraid of new things, is often in tears, seems often unhappy or anguished -for a maximum score of 8 points) higher than the behavioural subscore are designated as "children with emotional problems. " Those with a behavioural subscore (based on 6 items -frequently fights, steals, teases others, lies, disobeys, destroys property -for a maximum score of 12 points) higher than the emotional subscore are designated as "children with behavioural problems. " The children with equal emotional and behavioural subscores were excluded in the analyses because of the small number of cases (1.1%, n=92) (7) . For the emotional and behavioural subscores, the inclusion criterion was 3 out of 4 and 5 out of 6 items, respectively. The RB2 scale was developed to help teachers to evaluate children's behavioural and emotional problems. The reliability of the scale has been reported to be high (28, 29) , and the scale has been used and validated in many populationbased studies in Finland (e.g., 6, 30) .
Problems with fine and gross motor skills
Parents reported their children's fine and gross motor skills. They were asked, "Is your child's penmanship awkward?" (answer choices: yes [1] , no [2] , cannot say [3] ); "Does your child bump or fall down often?" (yes [1] , no [2] , cannot say [3] ); "Can your child usually catch the ball in the game?" (mostly [1] , sometimes [2] , hardly ever [3] ); "Can your child (a) drive a two-wheel bike, (b) skate, (c) tie his/her shoelaces?" (yes [1] , no [2] , not experimented [3] ); "Can your child use scissors?" (yes [1] , no [2] ). A child was identified as having problems with fine motor skills if the parents thought that their child's penmanship was awkward, the child could not tie his/her shoelaces or the child could not use scissors. Problems with gross motor skills included the child's having frequent bumps or falls, hardly ever succeeding in catching the ball in a game or being unable to ride a two-wheel bike or to skate.
Family characteristics and social status
Information about a family's type, socio-economic status (SES) and the mother's and father's education were obtained from the parents' questionnaires. The variable family type was divided into 4 different subtypes: (1) biological 2-parent family; (2) divorced family; (3) reconstructed family; and (4) life-long 1-parent family. The family's SES was based on the father's occupation and, when not available (e.g., in the case of a single-mother family), on the mother's occupation, and was classified into (1) professionals; (2) skilled workers; (3) unskilled workers; and (4) farmers. The mothers' and fathers' education levels were classified into (1) basic (less than 10 years of education); (2) secondary (10-12 years of education); and (3) tertiary (more than 12 years of education).
Statistical analyses
Pearson's chi-square test was used for comparing gender differences in LDs and behavioural problems. Univariate and multivariate logistic regression analyses were used to explore the associations between covariates, LDs and behavioural problems. Covariates used in the analyses were known risk factors: the child's age and sex, his/ her mother's and father's education, SES and family structure, as well as the child's fine and gross motor skills. Analyses were performed for all the children together and stratified by sex. First, the associations between the covariates and LDs/behavioural problems were studied by conducting separate univariate logistic regression models for each of the covariates using LD/ behavioural problems as the outcome. Then, the association between LDs and behavioural problems were studied by using behavioural problems as the outcomes and LDs as a predictor. The analyses were performed unadjusted and adjusted for all of the covariates. The associations are reported in odds ratios (OR) with their 95% confidence intervals (CI). Statistical analyses were conducted with SAS 9.1.
RESULTS
In our sample, 1,774 (21.4%) children had 1 or more learning difficulties (VLDs, MLDs or CLDs). On the whole, LDs were more common among boys than girls, with the exception of MLDs, which were observed more frequently in girls. VLDs (12.3%) occurred more often than MLDs or CLDs, and the combination of reading and spelling difficulties was more prevalent than reading or spelling difficulties alone. The girls usually had only 1 learning difficulty, while the boys had 2 ( Table I ). The boys had more behavioural problems than the girls (Table II) . Related to the learning difficulties, behavioural problems were the most prominent in the boys with LDs and emotional problems in the girls with LDs (Fig. 1 ). There were more LDs (25.1% vs. 17.6%) and more behavioural (10.6% vs. 7.5%) and emotional (5.3% vs. 2.7%) problems among children born in 1985 than among those born in 1986, that is, more problems among those who were born during the end of the year and were thus the youngest ones in their class at school. These differences were statistically significant (Tables III and IV) .
The problems in motor functions, especially in fine motors skills, were associated with LDs as well as behavioural and emotional problems. The girls with poorly developed fine motor skills more commonly had LDs (OR 5.3, 95% CI 3.4-8.3) (Table III) and also behavioural (3.7, 1.8-7.7) and emotional (3.2, 1.4-7.1) problems (Table IV) . For the boys, the corresponding figures were 2.6 (2.2-3.2) for LDs (Table III) , 1.9 (1.5-2.4) for behavioural problems and 2.3 (1.6-3.3) for emotional problems (Table IV) . Also, difficulties in gross motor skills were significantly associated with the occurrence of LDs and behavioural problems in the boys. For the girls, difficulties in gross motor skills were associated significantly with LDs, but not with behavioural or emotional problems. The children living in a biological 2-parent family had the fewest LDs and behavioural and emotional problems (Tables III and IV) . The divorced and reconstructed family types were statistically significant risk factors for LDs, whereas a lifelong 1-parent family was not. On the other hand, a lifelong 1-parent family was a statistically significant risk factor for behavioural problems in boys and for behavioural and emotional problems in girls. For both genders, the lower socio-economic status of the family and the mothers' lower education seemed to be risk factors for the children's LDs as well as problems with their behaviour. However, it seems that, for both genders, the fathers' basic level of education more so than the mothers' basic level of education had an even stronger association with the children's learning difficulties (all: OR 2.8, 95% CI 2.3-3.5 vs. OR 2.4, 95% CI 2.0-2.8, Table III ) and emotional problems (all: OR 1.9, 95% CI 1.3-2.8 vs. OR 1.3, 95% CI 0.9-1.9, Table IV ). Having LDs was a risk factor for having simultaneous behavioural and emotional problems, even when adjusted for other background factors (Fig. 2) . As seen in Table 5 , LDs were a substantial risk factor especially for emotional problems (5.3-fold odds for girls and 3.0-fold for boys), even when adjusted for the child's age, socio-economic status of the family, mother's and father's education, family structure, and fine and gross motor skills. Among boys and girls, CLDs comprised the highest risk for all types of problems in behaviour. For boys with CLDs, the odds for behavioural problems were 4.4 (95% CI 3.0-6.2) and for emotional problems 4.6 (2.6-8.1), and the corresponding figures for girls were 5.2 (3.1-8.9) and 4.5 (2.6-7.8). Among the boys, verbal difficulties were associated with behavioural and emotional problems and mathematical difficulties with behavioural problems, whereas among the girls, verbal and mathematical difficulties were associated with emotional problems.
Boys Girls
Our study showed that for boys, the association between LDs and behavioural and emotional problems was quite similar (OR 3.1 vs. 3.0), for girls emotional problems were more prominent (OR 5.3 vs. 3.9), but it is worth noting that the confidence intervals of the estimates overlapped (Table V) . For the whole group with LDs, the adjusted statistically significant odds were 3.3 for behavioural problems and 4.0 for emotional problems (Fig. 2) . Ref.
Ref. The OR for each type of the LD is referred to the group without the learning difficulty in question. 
DISCUSSION
In our study, children with learning difficulties had behavioural or emotional problems more commonly than children without LDs. This association between LDs and behaviour was independent of sociodemographic background factors. The overlap between LDs and behavioural and emotional problems has been shown in many previous studies (10, 14, 17, (31) (32) (33) , but there are relatively few studies that examine the association between LDs and emotional problems (16, 31, 32) . Our study showed that for boys, the association between LDs and behavioural and emotional problems was quite similar, but for girls, emotional problems were more prominent, even though the confidence intervals of the estimates overlapped (Table V) . For the whole group with LDs, the adjusted odds were 3.3 for behavioural problems and 4.0 for emotional problems (Figure 2 ). Previous research has focused primarily on reading LDs, apparently because they occur more frequently, while mathematical LDs have received little attention (11, 36) . In our study, having mathematical LDs was found to be a somewhat higher risk factor for emotional problems than verbal LDs in girls but not in boys, whereas combined LDs had the highest odds for emotional problems both in boys and girls. Our results were in accordance with Prior et al. (11), who highlighted the association between emotional problems and mathematical difficulties at the preadolescent stage, especially among girls. Problems in mathematics are usually considered to be more common among girls than boys, and separate from verbal difficulties (37) .
In our study, the poor development of motor skills, especially fine motor skills, was related to LDs. This result is in line with previous studies (8, 23, 25) , but contradictory results have also been reported. For example, Shapiro et al. (38) indicated that reading delay is better predicted using infant language measures than using measures of early motor development.
Children who lived in a biological 2-parent family had the lowest odds for LDs and also for behavioural and emotional problems compared to other family types. Divorced and reconstructed family types were associated with behavioural problems, but only divorced family types were significantly associated with emotional problems. A lifelong 1-parent family did not represent a statistically significant risk factor for LDs, whereas associations with behavioural and emotional problems existed, especially for girls (Table III  and IV) . Also, studies by Altarac and Saroha (4) and Kiernan and Mensah (39) have indicated that neither single-mother families nor 2-parent families with biological parents were statistically significant risk factors for LDs.
Instead, in several studies (40) (41) (42) , a low SES and the mother's low educational level have been shown to be significant risk factors for LDs and also for emotional and behavioural problems. In our study, the father's basic level of education turned out to have an even stronger association with a child's LDs and emotional problems. Also, some other studies (15, 20, 22, 24) have indicated the importance of the father's education to a child's academic achievements, even though the mother's contribution has been considered more important. The parents' occupation and education may reflect their attitudes towards schooling, their support for pre-reading and reading skills and resources available for children. Parents in high SES families are able to give to their children a more stimulating home environment and offer them more support in developing their academic skills (10, 43) .
Studies have shown that there is an association between a family's environment and socio-economic status and a child's weak performance level, which means that more attention should be paid to support children from low SES families. These studies (39, 44) have indicated that persistent poverty, low family income, the parents' unemployment and poor maternal care are strong predictors of lower scores in communication, language, literacy and mathematics for children, especially for boys. The early identification of children with special educational needs is important in supporting them to reach their full potential in education. Other studies have shown (45, 46) that this can be done, for instance, by strengthening preschool education. However, Melhuish et al. (47) indicated that even though such family factors as parents' education and SES are important, the quality and extent of home learning activities and home environment have a greater and independent influence on a child's academic achievement. Also, Belsky et al. (48) showed that the quality of parenting preschool-aged children proved to be a stronger and more consistent predictor of children's developmental outcomes and school achievement when tested among 5th graders than did any of the other child-care predictors. Parallel results have been presented in other studies (42, 49) .
Strengths and weaknesses
Our large homogenous population-based study provides a high degree of reliability in studying the prevalence and types of LDs among children who also have behavioural problems. According to the study by Anders et al. (50) , teachers were found to be good in evaluating children's special needs in reading and mathematics, even though it has been reported that teachers may over estimate children's problems (51) and that many different factors affect teacher's assessments (46) . In evaluating behavioural and emotional problems, the Rutter Scale (RB2) was used. It has been developed for teachers to evaluate children's behavioural and emotional problems. The scale is suitable for screening populations and its the reliability and validity have been reported to be high (28, 29) , and the scale has been used and validated in many population-based studies in Finland (e.g. 6, 30) . Of course, the assessment of these things is difficult and there is always a question of which comes first: Are LDs caused by behavioural and/or emotional problems, or are behavioural and/or emotional problems caused by LDs? Emotional and behavioural problems hinder concentration and learning, whereas learning problems affect self-confidence and may lead to difficulties, which in children are often manifested as behavioural difficulties and/ or emotional problems.
One of the weaknesses in this study was the fact that we only relied on 1 informant instead of on several informants (e.g., parents), which would have strengthened the results. Another weakness was the fact that at the time of the evaluation, children were finishing their first school year and it might have been too early to screen children for learning difficulties that could develop as they mature. However, generally teachers are typically responsible for comparing and reporting students' classroom difficulties, which makes their perspectives more objective than that of the parents. Another weakness was the screening instrument we used to determine LDs. In many studies with a small sample size, different kinds of measures, like neuropsychological measures and standardized achievement tests, have been used and issues such as IQs and the early history of language development have been taken into account. It was not possible for us to use these measurements because of the epidemiological nature of our study.
Learning difficulties and problem behaviour
Conclusions
LDs among children are often associated with problems in their behaviour, and this is why these problems should be taken into account, for example, in remedial instruction as well as in general education. Attention should be focused on less recognized emotional problems that seem to be strongly connected to LDs, especially mathematical LDs among girls. A family's structure, the parents' SES and their education levels can affect a child's school achievement as well as the child's learning difficulties and behavioural and emotional problems. Thus, co-operation between the home and the school is extremely important. More attention should be paid to children from low SES families, especially their preschool education and its longterm effects, so that these children can receive as much support as possible for their learning and for attending school.
